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I. The objeotive of this progran is the development of a tunnel-diode
oscillator capable of a power output of 25 milliwatts over the twnadble

frequency rangs of 1660 to 1700 megacyoles. Other requirements inoclude

& ninimum production cost design, development of solid state modulator

oirouitry and capability of meeting varieuws envirormental requirements.
The program will inolude the following:

L
2
3
Ue

5,

Development and fabriocation of suitable tunnel diodes.

Development of tunable osoillator circvits.

Development of modulation teochniques and oirouits.

Teating of tunnel=diode osoillator umite to elsotrical and
snvironmental speoifications,

Conatruotion for delivery of 1 breadboard osoillator unit,

3 prototyps osoillators, 6 developmental model osoillators and
1 breadboard medulator wnit.




II, Abstract
A breadboard model oscillator was delivered (Item 3a on the oontract),
Tunnel diodes were fabricated from a more highly doped erystal having
peak ourrents of 500 ma with outoff frequencies in excess of 9 Jow,
Beveral of the diodes made from the highly doped orystals were tested
in n:'tpim oscillators and gave powers of 2L to 28 mw at 1700 Mo,
Preliminary tests wsre on a tunnel diode ouwrrent regulater and alse
on the amplitude modulation of the stripline osoillators.
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ITI. Publiocations, Iactures, Reports and Confsrences
There were no publications, lectures or reports during this report
period. The following conference was held:
Gsneral Discussion and Review of Oontract, January 2, 1963 at RCA
Lahoratories, Princeton, K, J,
Present: Iven L, Chase -~ U,8,A.8,R.D.L.
G, Hambleton - U,8,A.8,R,D,L.
B, MoCormick = Us8,A.8,R.D,L.
D, Nelson ~ ROA Miorowave Tube Operations
F. Sterser - ROA Microwave Tube Operations
F. Vaccaro = ROA Microwave Tube Operations
C. J, Gurwaos ~ ROA Eleotron Tube Division
R. H, Biemens - ROA Blectron Tube Division

The breadboard osoillator unit (Item Ja under the Contract) was
demonstrated and delivered tc ¥r. Hambleton, The discussion covered
general progress under the contraoct as well as battery requirements,
modulation considerations and envirommental requirements. It was agreed
that ROA will make AM modulation tests using the ROA tranaistor modulator
and that the breadboard unit will be tested with a Signal Corps medulator
&t the Sigmal Oorps Laboratories.
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IV. TFaotual Data
A. Introduotion
The overall effort during this quarter was approximately at the pro-
Jeoted rate.
The major effort on the program was directed toward improvement of
diodes ard the fabrication and test of & breadbosrd oscillator for deli-
very under the contract (Item 3a). Other aress receiving attention were
atroutt develoment and prolininary meplitude modulation teste, |
3. Tunnel Dicdes \
1, Packaging
The tunnal dicdes fabricated during this quarter were mounted ‘
in the reduced height strip=line type diode package as desoribed in the
previous reports, with two modifications. First, the configuration of

the soreen used to contact the alloy dot to the top surface of the washer
was changed from a strip, whioh contaocted the washer at only 2 points, to
a disk large enough to ocover the I.D, of the washer and make contaot to
most of the surface of the washer. BSecondly, the soreen disk was coated
with a laysr of condusting silver filled epexy. These changes should
serve to lower the inductance of the unit and inorease its mechaniocal
stability.

Twelve units of this typs were swbjeoted to a 750 centrifuge test,
after which all the wnits wers found to be intaot with little or no change
at all 4in their electrical parameters. The valus of this teohnique as far
a8 induotance improvement is concernsd has yst to be determined.

#h
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2. Diode Development

It was pointed out in tlie lant repert that higher Ip/o ration and
therefore higher outoff frequancies could hest be obtained by fabrioating
tunnel diodes from orystal with an impurity concentration of 8.9 x 1019
atoms/oo or higher. Some material of this type has been grown, but it has

proved to be extremely hard to reproduce, Most of the orystal available

is in the range of 6 x 1019 atoms/oc snd attempts to fabricate diodes with
1t have ylelded low I,/O ratios and high series reslstancs valuss. In an
attempt to inoreass the impurity ooncentration to the desired lewel, a
grown GaAs wafer was placed into an evacuated ampoule along with LOmg of
Zn., The ampoule was placed in a furnace at 975°C for 18 hours and the En
allowed to diffuse into the wafer, The initial results were poor, for the
surface of the orystal was alloved with Zn which oould not he etched off.
It seema that the method of quenching and the sime of tle ampoule may be
important in determining the surfane condition after diffusion, Different
quenching methods will be studied, and smaller ampoules will also be
ovaluated,

From the equation for the ocutoff frequenay:

foo'ﬁ \}%'1

where R 1s the diode negative resistance, r, is the series resistance and 0
1s the junntion capacitance, it oan be seen that deoreasing the series re-
sistance will increase t“. Thus, an attempt was made to reduce ths series
resistance of the .nits made with the material on hand to a minimum, One
method employed was the etching of a hole in the pellat on the opposite side
of the Junotion (see Figuwe 1) and then alloying a metal into it., Since the
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resistance of a metal is less than that of a semiconductor, the resistance
through the unit should be less. This method failed to produce any noticeable
difference in r..

Lapping the wafers very thin, ~/ 1,5 mil, before alloying and processing
has given lowsr initial values of r, +15 ohm for 1.5 mil orystal vs .165 ohm
for 3 mil thick orystal, but there does not mseem to be much difference after
the units are etched,

Another approach used was to place a laver of nhickel and gold on the top
swrinoe of the pellet very close to the contant dot smo that the distance from
the contact dot to the gold luyer is leas than the thiockness of the wafer
(seo Pigurn 2), If contact is then made between the dot and the gold layer
the resistaiice should be leas than if contact was mide, as usual, through
the wafer to the back of the pellet, particularly at miorowave frequencies.

Results were poor dus to peeling of the film and Adiff loulty in meking
a good ohmic contact to the pellet swrface, Although good contacts probably
oould be made to the top, it is not certain that there would be any diatinet
advantage ‘to such a geometry. This is because the skin depth at 2 kmo is
about 10 mils, whereas typiocal semicondwtor pellets are only 1 mil thick.
Becauss of the grezter importance of obtaining an adequute supply of highly
doped orystal, this approach will not be pusued further,

The 2nd Quarterly Report disoussed the variation of !‘“ as the dode
48 etohed to produce a desired peak owrrent, During this qurter, this
variation was investigated far the orystal wsed for fabricating the mioro=-
wave tunnel diodes, Three diodes, having approximately the same initial
Ip (950 ma), which had heen fabricated from the same orystal were etohed
to 25 ma in mmall inorements and the diode parameters ware measured at each
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Liorement., The results are plotted in FMigure 3. In the electrolytic etoh
process, Ip decreases directly with the area, while the series resistance
Ty inocreases inversely with the square root of the area. Then as Ip is de-
oreasad, the product of Ip Ty also deoreases and the rao murt inorease.
Flgwe 3 shows this to bs trus, for as each of the un.i.h ip etohed, the
outoff=-frequency increases. It is interesting to note that each of the
units exhibits a maximum at 150 ma Ip, The reason for this is not quite
olear, but is being studied further,

It must be pointed out that the tunnel diodes selected for this test
were fabrioated from orystal whose impurity concentration was in the range
of 8,0 x 10%° atoma/o0 but whose initial Ip valuss were somewhat lower than
that normally used for 600 ma diodes. Thias was done deliberately since the
measurement of units with Ip's greater than 900 ma in our present capacitance
test set will most likely damage it. '

The reaults indloated in Figure ) point ot the posaibility of shifting
the maximum £ point to the 600 ma lavel through the use of the proper
ooitbination of material and alloying oycle. This is precisely what we
attempt to do when fabricating units of that type.

During this quarter, 25 tunnel diodes were mroduced for oirouit evalua-
tion and testing, Of these, five had supsrior eleotrioal charaoteristiocs
due to the high doping lovel (W8 x 20%° atoms/om’) of the starting orystal
and the use of an optimum alloy oyole (to produce a very high ourrent
density). Outoff frequency for three of these diodes (Ip = 500 ma) was
greater than 9 kmc, Several of these diodes gave power outputs of 2 to
20 millivatts at 1700 mo. This represents a marked improvamert over previous
results (17 mw at 1680 me).




0. Osoillator Oirouit Investigation
A breadboard osoillator, 88118 Berial Ko, 001, was fabricated, tested
and delivered as item Ja under the contract. The osolllator employed a
ciroular reentrant stripline oirouit, A sketch of the circuit is shown in
Mgurs 4. Tuning was socomplished by means of 10 pf variable condenser.
The tunnel diods was & udnm-uun;.d; atripline package unit having the
follewing characteristios
Peak Ourrent 445 ma,
Series Resistanrce  0,) ohms
Capacitance 29 p.f.
Owrves of powsr output and frequency of the oseillator versus tuner turns
are shown in Figure 5. Similar curves verius bias voltage are given in
Mgure 6. The pulling figure of the omoillator at a 1,5 VEWR waa L7 Mo,
A 10 db imolator placed at the output of the osocillator, reduwed this
valus to 7 Mo, |
The five dliodus made from a orystal doped to a higher hw}, disouased
at the end uf Section IV B=2, ware teated in a reentrant stripline osoillator
cirouit aimilar to that of Mgure L. The three diodes having peak currents
of 500 ma ware very consistent, giving power owtputs of about 25 mw at about
1700 Mo, The 510 ma and LOO ma peak ourrent diodes were lower in both power
output and frequency of operation. The reason for this is not \obvl.wn from
the diode charaoteristics, The dw;lourhuu and test results are tabulated
below.
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Table I
j0d D7 "} Fower Mo 00
or a ° Output Mo  Matoher
No. Ourremt pf IMreq, | mv, mA "~
.
L8s-1 %00 30 T4 580 1800 23 1690 No
| se0 1830 26 17126 Yez
4852 510 / 36 9.5 L9o 1140 18 1551 No
488 170 21 1576 Yes
48%5-10 500 20 1,0 518 1250 26  162% No
540 1250 28 1738 Yes
3b=18 500 3 9.9 518 1270 22 1820 No
565 1270 2, 110 Yes
L85-9  Loo 26 649 h5s 1230 15 1583 No
Wrs 1260 16 1632 Yos

The revised quarter-wave coaxial osolllator described in the Sacond
Quarterly Progress Report was fabricated and tasted, The frequenay of
operation was below 1000 Mo and the power output less than 1 mw, This
is believed to be dus to the blas input oirouit; however, due to the
promising results with atripline oscillators, further work on the coaxial
osoillator will be given low pricrity. |

D. Power Supply and Modulator Cirouitry

Preliminary tests were made of a ouwrrent regulator consisting of a
low speed germanium tunnel diode with a stabilising resistor painted on
the outside of the diode package. This combination gives a flat current
versus voltage characteristio over a wltage renge of 100 to 150 mv. It
is conneoted in series with the tunnel diode oseillate and thus reduwoes
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the voltage variation appearing across the oscillater when the bias swupply
voltage is varied, When tested with a TD osoillator the regulator reduced
the frequency variation of the oscillator dus to a + 5% bias voltage varia-
tdon from 30 Mo to J; Mo, There was modulation of the osoillater, however,
due to low frequency oscillations of the regulator. A simple filter
oliminated muoh of the modulation but some modulation still remained at
saFbain values of bias voltage. Murther *rork iz required ¢o inorease the
¥ e of the regulator ard to eliminate the remaining medulation.

The tranaistor blooking osoillator modulatar desoribed in the First
Quarterly Report was used tc modulate a TD oscillaters The cscillator was
operated at a peak power of 15 mw and a frequency of 1670 Mo, The pulse
width of the modulator was 33 microseconds. The modulator required an
imput voltage of 12 volts and the current input varied from 100 ma at
575 p.p.s. pulse repetition rate to 500 ma at 8300 p.p.s, The control
resiatance which determines the pulse repetition rate was 15,000 ohms
for 575 ppa and O ohms at 8300 pps. Figure 7a shows the waveform of the
modulator output and Figwre Tb that of the rectifisd output of the tumel
diode osoillator. The rf spsctrum of the osoillator is shown in Figwe 7o,
In general the results seen reasonably promising exocept for the ocontrol
resistance range of the modulator whiok is much lower than desired,
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(@) OUTPUT OF MODULATOR (b) RECTIFIED OQUTPUT OF

HORIZONTAL SCALE TD OSCILLATOR
20u 8EC/CM HORIZONTAL SCALE
20u SEC/CM

(c) RF SPECTRUM OF TD
OSCILLATOR HORIZONTAL
SCALE 90K C/CM

FIG. 7 MODULATOR WAVEFORMS
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Y. Oonolusions

Efforts to inorease the outoff frequency of 500 ma peak ourrent gallium
arsenide tunnel diodes through reduction of series resistance, have been wn-
sucoessful to date., However, through the use of highly doped oxystals
(8 x 107 wm/on’) a nusber of 500 ma diodes have been made with eutef?
frequenoiss greater than 9 KMO,

Power outpute of 24 to 20 mw at 1700 Mo were obtained from these dicdes
operated in reentrant ring stripline oirouits,

A treadboard model osoillater (1tem Ja under the contract) was delivered,
The oscillator gave a power output of 1) 40 16 ww over the required 1660 to
1700 Mo tuning range,

Preliminary tests ware made on the use of a tunel diode ourrent regu-
lator to reduce osoillator frequency changes as the bdias was varied. The
method is promising although further improvement is required,

A tunnel diode oscillator was amplitude modulated wing the transister
nodulator desoribed in the First Quarterly Pregress Report,




YI Progran for Next Interval

Techniques for inoreasing diode cutoff frequency and self-resonant
frequency will be investigated further,

The study of dilfusion methods for obtaining highly doped erystal will
be continued.

Tests of atripline osoillator oirouits will be continued and the design
of output oirouits to reduwe frequenay pulling will be investigated.

Use of nonlinear atabilising resisters to reduce the do power require-
ments will be attempted, o

The tunnel-diode current regulator development will be continued,

Development of modulators for the TD osoillator will be ocontinued,

-
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VII. Identification of Key Personnel

Robert D, Uold - Engineering Leader 27 howrs
Chester Ourwacs - Enginesr 16 howrs
Donald B, Nelson - Member of Techniocal Btaf! 291 howrs
Adam J. Plkor - Engineer 195 hours
Frod Sterner - Wngineering Leader 19 howrs
Mgar T. Casterline - Eygincer 71 how's

M. Oasterline was born on Maroh 1), 1934 in New York Oity. He received
his B.8. degres in Chemistry from Manhattan College in 1956, He is owrrently
pursuing a course of study for an M,8, in Physical Chemistry at Stevens In-
stitute of Teohnology.

From 1956 to 1957, he was emplayed by the Western Kleotric Oempany, as
an Analytical Chemist.

He entered the U.8. Military Servioce in 1957 and was assigned to the
U.B8. Arwy 8ignal Research and Development Laboratory at Fort Mormouth, New
Jersay, where he spent two years enguaged in work on thin film resistors and
capacitors, and thermoelectrio ocooling devioes,

In 1959, he joined the Micramodule growp of the ROA Semiconducter and
Materials Division where he worked ohiefly on the development of thin film
resistors and mioromodules.

In 1960, he joined the Computer growp. His werk consisted mainly of
research and development on tunnel diodes. One of his main responsibilities
was the development on tunnel diodes. He was also responsible for the
development of germanium tunnel rectifiers for the "Lightning® preject.
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In February, 1963, he was assigned to the Industrial Products grouwp,
wvhere he is oontinuing his work on the development ef both Gads and Oe
tumel diodes.

Howard Bertram = Ingineer 10 howrs

M, Bertram studied courses leading to an A.B. degres in Chemistry at
Rutgers thiversity College, Wvening 5:¥iwion from 1950 to 1959,

From, 1950 to 1957, Mr. Bertram was with the U.8, Atomic Energy Oommission
as a Process Development Chemist. Whils there, he made significant ocontribu=
tions to the davelopment of a ocontinuous gas-solid reactor.

In 1957, Mr. Bertram joined the ROA Semiconduotor and Naterials Division,
Somerville, N, J,, where his assignments have been in the area of device
ohemistry and fabrioation. His major comtributions have included the develop-
ment of a batoh-type connsotor soldering mrocess for the manufacture of alley
Junotion transistors whioh significantly reduced the processing cost of this
operation, and the development of a process for automatic dot-pressing and
alloying whioh permitted the ocontinuous manufacture of alloyed transistors
in strip form. Bince October, 1960 Nr. Bertram has been aotively engaged in
the development of single orystal growth of gallium arsenide. He has done
sxtensive work on vertical growth by the Cgochralaki method and the pilot
1ine production of gallium arsenide orystal by the horisontal Bridgman teche
nique,

Mr. Bertram has authored papers in the technical literatwe. Ne has
been issued a U.S8, patent.
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This contract in supervised by the Solid Btate & Frequenoy Control Division,
KEleotronio Components Department, UBAELRDL, Fort Monmouth, New Jersey,
For further technioal information contact Mr. I, Chase, Project Engineer.
Telephone 83-52383,
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